Introduction
Approximately 30 million Japanese adults have hypertension. Hypertension is one of the major risk factors for atherosclerotic disease, the major cause of death in Japan. It is a serious health problem for which a suitable strategy must be devised. Adult blood pressure levels are related to childhood blood pressure levels, and adulthood hypertension is considIt is well known that obesity is often associated with metabolic syndrome, which is characterized by such complications as hypertension, glucose intolerance, dyslipidemia and hyperinsulinemia. These complications contribute to the acceleration of atherosclerosis in obese subjects. The visceral fat accumulation rather than the degree of obesity plays an important role in the development of insulin resistance and compensatory hyperinsulinemia, which are the major causes of metabolic syndrome (7) (8) (9) .
In obesity, leptin, which is an adipocytokine secreted from adipose tissue, has been suggested to play a role in raising blood pressure (10) . Serum leptin levels are higher in hypertensive subjects than in normotensive subjects. Leptin regulates body fat balance by decreasing food intake and increasing energy expenditure, and has been suggested to play a possible role in adult hypertension (11, 12) . Leptin is considered to raise blood pressure directly or indirectly through sympathetic nervous system (SNS) hyperactivity (10) . Chu et al. reported the relationship between systolic blood pressure (SBP) and serum leptin levels of obese school children (13) .
Over the last two decades, the frequency of obesity in school children in Japan has increased from 5% to more than 10%. Thus the prevalence of obesity-related hypertension can be expected to increase in the near future (3, 4, 14, 15) . To formulate a strategy for addressing these problems, it will be necessary to clarify the pathophysiology of blood pressure elevation in obese children. Few studies have investigated the relation between the pathophysiology of childhood obesity and hypertension, such as the relationship among blood pressure, hyperinsulinemia, a family history of hypertension, visceral fat accumulation and adipocytokines, e.g., leptin (16, 17) .
The purpose of the present study was to investigate the relationship among SBP, serum insulin and leptin levels, visceral fat accumulation and a family history of hypertension in obese children. Elucidation of the pathophysiology of childhood obesity and its relation to hypertension would contribute to prevention of hypertension and cardiovascular diseases in adults.
Methods

Subjects
This study examined 192 obese children (137 boys and 55 girls) aged 6-15 years. The mean percent of relative weight of boys was 56.0%, those of girls was 56.4%. All subjects were simply obese, and their fasting plasma glucose levels were below 110 mg/dl, with hemoglobin A1c (HbA1c) levels below 5.6%. No subjects had endocrinological disorders or renal or hereditary disease. The subjects were divided into two groups: those with a family history of hypertension (OF: 77 boys and 32 girls), and those without a family history of hypertension (ON: 60 boys and 23 girls). Age, height, height SD scores, weight, percent of relative weight, percent of body fat, waist/hip ratio, SBP, heart rate (HR), minimum subcutaneous fat thickness (Smin), maximum preperitoneal fat thickness (Pmax), abdominal wall fat index (AFI; Pmax/Smin), serum leptin, and serum insulin were measured in both sexes in both groups. In 1996, the subjects received medical checkups under the auspices of a program entitled "Prevention of Cardio-and Cerebrovascular Diseases in Childhood." This program is undertaken every year by the Department of Pediatrics of Niigata University School of Medicine and the School Health Division of the local governments in Niigata Prefecture. School nurses recommended obese children whose relative weight (a percentage of the standard weight for age, height, and sex) was over 120% to receive the check-up. Prior written informed consent was obtained from all parents of the participants.
Anthropometric Measurements
The subjects' height and weight were measured with a portable standiometer and a digital scale to the nearest 1 mm and 0.1 kg, respectively. SBP was measured three times in the seated position on the right arm using an automated blood pressure (BP) recorder (Dinamap Model 8104; Critikon Inc., Tampa, USA). The third measurement was used in this study. The percent of relative weight was calculated by using the standard body weight of Japanese children (18, 19) . The percent of body fat was measured by the biological impedance method using a body composition analyzer, RJL Spectrum (RJL Systems; Detroit, USA). Pmax and Smin were measured by ultrasonography using ultrasound equipment (TOSHIBA Model SSA-250A; Toshiba Corp., Tokyo, Japan) and a linear-array probe (7.5 MHz). The methods used to measure Pmax and Smin are shown in Fig. 1 (20) . Subjects were kept in the supine position, the linear-array probe was kept perpendicular to the skin on the upper median abdomen, and a longitudinal scan was done from the xyphoid process to the navel along the linea alba. Scanning was performed at the optimal position, and the surface of the liver was kept almost parallel to the skin by having the subjects hold their breath. Pmax and Smin were determined as the visceral fat thickness of the hepatic falciform membrane, and the subcutaneous fat thickness of the upper abdomen, respectively. The relation among Pmax, Smin, and AFI and each of visceral fat accumulation, subcutaneous accumulation and visceral/subcutaneous fat mass ratio in the upper abdomen was evaluated (21) .
Assays
Blood samples were obtained from the antecubital vein of the subjects after overnight fasting, and were centrifuged at 3,000 rpm for 5 min. The serum was frozen and stored at 20°C until analyses. The serum levels of insulin were measured by a commercial radioimmunoassay using a commercial kit (LS "Eiken" insulin; Eiken Chemical Co., Ltd., Tokyo, Japan). The serum levels of leptin were measured by radioimmunoassay using a commercial kit (HUMAN LEPTIN RIA KIT; LINCO Research, Inc., St. Charles, USA). The intraassay coefficients of variation were 3.95% and 8.66% for insulin and leptin, respectively. 
Statistical Analysis
All statistical analyses were performed using the StatView program for Macintosh (version 4.5; Abacus Concepts, Berkeley, USA). The relationships between variables were analyzed by simple regression and by stepwise multiple regression. Data are expressed as the means SD, and levels of p 0.05 were considered to indicate statistical significance.
Results
Clinical characteristics of the male and female subjects in this study are shown in Tables 1 and 2 . Both boys and girls, the two groups were matched with respect to age, height, and weight. In boys, the Pmax of the OF group was significantly higher than that of the ON group, but SBP, HR, Smin, serum insulin and leptin levels were not significantly different between the two groups. In girls, the SBP of the OF group was significantly higher than that of the ON group, but HR, Smin, Pmax, serum insulin and leptin levels were not significantly different between the two groups. The results of simple regression analysis and stepwise multiple regression analysis between SBP and each factor in obese boys are presented in Table 3 and Fig. 2 . In OF boys, fasting serum insulin levels, fasting serum leptin levels, percent of relative weight and Pmax were significantly and positively correlated with SBP. And fasting serum insulin levels and percent of relative weight were independently associated with SBP in the stepwise regression model. In ON boys, fasting serum insulin levels and Pmax were significantly positively correlated with SBP. And only fasting serum insulin levels were associated with SBP in the stepwise regression model.
The results of simple regression analysis and stepwise multiple regression analysis between SBP and each factor in obese girls are presented in Table 4 and Fig. 2 . In OF girls, fasting serum insulin levels, fasting serum leptin levels and percent of relative weight were significantly and positively correlated with SBP. In ON girls, fasting serum insulin levels, fasting serum leptin levels, percent of body fat, Smin, Pmax and AFI were significantly and positively correlated with SBP. In both OF and ON girls, only fasting serum insulin levels were associated with SBP in the stepwise regression model. The results of the simple regression analysis and stepwise multiple regression analysis between fasting serum insulin levels and each factor in obese boys are presented in Table   286 Hypertens SW, stepwise; OF, obese children with a family history of hypertension; ON, obese children without a family history of hypertension; NS, not statistically significant; Pmax, maximum preperitoneal fat thickness; Smin, minimum subcutaneous fat thickness; AFI, abdominal wall fat index (Pmax/Smin).
5 and Fig. 3 . In OF boys, fasting serum leptin levels, percent of relative weight, waist/hip ratio and Pmax were significantly and positively correlated with fasting serum insulin levels. And only fasting serum leptin levels was associated with fasting serum insulin levels in the stepwise regression model. In ON boys, fasting serum leptin levels, percent of body fat, Smin and Pmax were significantly and positively correlated with fasting serum insulin levels. And Pmax and fasting serum leptin levels were associated with fasting serum insulin levels in the stepwise regression model. The results of the simple regression analysis and stepwise multiple regression analysis between fasting serum insulin levels and each factor in obese girls are presented in Table 6 and Fig. 3 . In OF girls, fasting serum leptin levels and percent of relative weight were significantly and positively correlated with fasting serum insulin levels. In ON girls, fasting serum leptin levels, percent of relative weight, percent of body fat, Smin, Pmax and AFI were significantly and positively correlated with fasting serum insulin levels. In both OF and ON girls, only fasting serum leptin levels were associated with fasting serum insulin levels in the stepwise regression model.
Discussion
The results of this study describe the relationships among SBP, serum insulin, serum leptin, and Pmax in obese children. In particular, serum insulin was closely related to SBP in obese children irrespective of a family history of hypertension. Our findings indicate that hyperinsulinemia plays the most important role in the SBP elevation of childhood obesity, as was previously reported for adult obesity (8, (22) (23) (24) (25) . And visceral fat accumulation via hyperinsulinemia elevated SBP in obese children. Subcutaneous fat accumulation and visceral/subcutaneous fat mass ratio were considered to be less associated with SBP elevation. The waist/hip ratio had no relation to SBP. Therefore the quantity of visceral fat mass plays a more important role in SBP of obese children than subcutaneous fat. These results indicated that visceral fat accumulation caused hyperinsulinemia and resultant hypertension in obese children. Whereas it has been reported that leptin elevates SBP by stimulating SNS (26) . The results of this study indicated that hyperleptinemia was closely associated with hyperinsulinemia (27) . Therefore leptin was considered to affect insulin and SNS hyperactivity, and the resultant hypertension in obese children. Previous reports have described an increase of HR in obese children (28) . But HR had no relation to SBP in this study, because most of our subjects had severe-grade obesity.
We speculated that the pathophysiological mechanism of SBP elevation in OF subjects was different from that in ON subjects. In the ON group, SBP and serum insulin tended to be more closely related to Pmax than serum leptin and the percent of relative weight. Whereas in the OF group, SBP and serum insulin tended to be more closely related to serum leptin and the percent of relative weight than Pmax. SBP elevation in ON subjects was more strongly associated with hyperinsulinemia via visceral fat accumulation than that in OF subjects. On the other hand, SBP elevation in OF subjects was more closely associated with hyperinsulinemia via hyperleptinemia. SNS hyperactivity via hyperleptinemia probably affected SBP elevation in OF subjects rather than in ON subjects. Previous studies have demonstrated that hyperinsulinemia, hyperleptinemia, SNS hyperactivity and hyperactivity of the renin-angiotensin system caused renal and hemodynamic alterations associated with renal sodium retention, and consequential hypertension (5, 26, 28) . In the present study, this linkage may have affected children in the OF rather than those in the ON group.
The results of the present study provided evidence that SBP elevation in obese children is associated with hyperinsulinemia, hyperleptinemia and visceral accumulation irrespective of a family history of hypertension. These findings are consistent with previous reports of a linkage between hypertension and obesity in children and adults (5, 25, 28) . For the primary prevention of hypertension, a strategy to checkup on obese children with hyperinsulinemia, that is visceral fat accumulation, is required. Ordinarily a radiographic CT scan is used to evaluate visceral fat accumulation (23) . However, if possible, children should avoid radiation for medical evaluation. The Pmax method used in the present study directly measures the visceral fat thickness of the falciform membrane of the liver. Pmax is related to the amount of intraabdominal visceral fat (20, 21) . Abdominal wall fat thickness is a useful and safe measurement for the clinical evaluation of visceral fat accumulation in children. Visceral fat accumulation induces hypertension, dyslipidemia and type 2 diabetes via insulin resistance and hyperinsulinemia (23) . Therefore, obese children with visceral fat accumulation tend to develop metabolic syndrome, a disorder involved in atherosclerotic disease. In order to decrease the incidence of atherosclerotic disease in the future, a targeted strategy for childhood obesity should be undertaken now.
In conclusion, the present study investigated the relationship among SBP, serum insulin, serum leptin, visceral fat accumulation and a family history of hypertension in obese children. The results of the present study provided evidence that SBP elevation in obese children was associated with hyperinsulinemia, hyperleptinemia, and visceral accumulation irrespective of a family history of hypertension. For primary prevention of hypertension, these results support the importance of implementation of a strategy to prevent obesity, particularly visceral obesity. An effective strategy for preventing childhood obesity will contribute to a future decrement in cases of metabolic syndrome, including those involving hypertension.
